T he inferior hypophyseal artery (IHA) is an important branch of the cavernous segment of the internal carotid artery (ICA). It can originate directly from the posterior bend of the cavernous ICA or as a branch of the meningohypophyseal trunk, which includes dorsal meningeal and tentorial arteries. The IHA runs from lateral to medial within the cavernous sinus, crossing anteriorly to the posterior clinoid to reach the inferior sellar surface and supply the posterior lobe of the pituitary gland and its capsule.
Lying deep in the cavernous sinus and being well guarded laterally by the ICA, the IHA was rarely a surgical consideration until the endoscopic endonasal approach brought light via ventral access to the cavernous sinus. The endoscopic endonasal transcavernous approach with the interdural pituitary gland transposition technique provides excellent surgical access to the posterior clinoid and lateral interpeduncular cistern. 3, 4 Prior to performing a posterior clinoidectomy, elective coagulation and transection of the IHA is recommended to prevent uncontrolled tearing of the artery or its avulsion from the wall of the cavernous carotid artery, which could potentially be a serious complication with difficult-to-control intraoperative bleeding and postoperative development of ICA pseudoaneurysm. Our preliminary experience has shown that unilateral sacrifice of the IHA and pituitary transposition caused no permanent consequences to pituitary function. 4 However, there are clinical situations in which bilateral interdural posterior clinoidectomies are required, such as extensive tumors invading the upper clivus and interpeduncular cistern bilaterally.
The purpose of this study was to evaluate the pituitary function in the event of bilateral sacrifice of the IHAs and pituitary transposition for bilateral posterior clinoidectomies during the endoscopic endonasal transcavernous approach. In this study, we challenge the concept of the IHAs as critical vessels for the vascular supply of the posterior lobe of the pituitary gland.
Methods
A retrospective review was conducted on the Cranial Base Center's medical records to include all patients who underwent endoscopic endonasal bilateral posterior clinoidectomy with bilateral IHA sacrifice between March 2010 and December 2016. A typical procedure is presented in Video 1. All data involving pituitary function were examined and recorded for analysis, including but not limited to postoperative fluid balance, urine sodium and density, serum sodium and osmolality, serum cortisol, pituitary (full hormone) panel, pathology, radiotherapy, and hormone replacement therapy. Hormone deficiency was deemed permanent if hormone replacement was still required at 6 months postoperatively. We excluded patients with preoperative hypopituitarism or with less than 6 months of follow-up.
Tumor dimensions were calculated on preoperative sagittal MRI. The cranial extension of the tumor above the sellar floor was recorded and compared to the height of the gland in percentage. An angle between a line from the point where the gland meets the floor of the sella to the highest point of the tumor and the horizontal plane of the sellar floor, or access angle, was also measured (Fig. 1) .
The presence and location of the posterior pituitary bright spot on precontrast T1-weighted sequence MRI, which is thought to represent the vasopressin storage at the posterior lobe 1 and is expected to be present in most patients, 2 was reported pre-and postoperatively.
Results
During the study period, 23 patients underwent endonasal endoscopic transcavernous surgery with bilateral coagulation of the IHA as part of a bilateral posterior clinoidectomy. We excluded 2 cases due to previous pituitary dysfunction and 1 case with a follow-up time of less than 6 months. Among the 20 included cases, there were 13 chordomas, 3 epidermoid cysts, 2 chondrosarcomas, 1 meningioma, and 1 hemangiopericytoma. Six tumors were recurrent. The mean follow-up time was 19 months, ranging from 13 to 84 months. Preoperative measurement of cranial extension of tumors is presented in Table 1 .
Four patients (20%) developed diabetes insipidus (DI) in the postoperative period. Two of these patients (cases 8 and 17, Table 1 ) experienced transient DI (10%) that required 1 to 3 doses of desmopressin daily and resolved before discharge from the hospital (5 and 8 days postoperatively). One patient (case 9) had a clival chordoma with intrasellar invasion, pushing the gland up and compress- ing it against the diaphragm and optic chiasm (Fig. 2) . The posterior lobe was disrupted during tumor removal and the patient developed DI immediately postoperatively, but had normalized at discharge (postoperative day 3). She was later readmitted due to syndrome of inappropriate antidiuretic hormone (SIADH), which corrected after 3 days. Following a triphasic response, her last follow-up 4 months later confirmed the diagnosis of DI as permanent. Anterior lobe function, however, was intact.
The remaining patient had a large hemangiopericytoma (case 11, Table 1 , Fig. 1 ) and developed both DI (which resolved at discharge-postoperative day 8) and adrenal insufficiency immediately after surgery. She developed DI again approximately 3 weeks postoperatively. Follow-up revealed panhypopituitarism that required long-term hormone replacement with desmopressin, hydrocortisone, and levothyroxine. The tumor in this case extended very cranially, with the highest angle of access and the third greatest height relative to the pituitary gland in this series (the 2 cases with the highest angles were epidermoid cysts); both conditions required extensive surgical manipulation of the pituitary gland and stalk, possibly leading to other devascularization, both arterial and venous. Statistical analysis of tumor size and access angle measurements revealed that the relative size of cranial tumor extension to pituitary gland size is not different between the group with pituitary dysfunction (transient and permanent) and the rest of the group (163% and 171%, respectively). The access angle, which takes into consideration the anterior juxtaposition of tumor to pituitary gland, was higher in the group with pituitary dysfunction (47.25° compared to 33.81°); however, the difference did not reach statistical significance (p = 0.071).
Preoperatively, the posterior pituitary bright spot was found in 18/20 cases on its typical posterior sellar location (Fig. 3 ). There were 2 cases with no preoperative identification of the bright spot. Of the 18 cases with preoperative bright spot, 4 turned negative after tumor removal, and 2 of them developed permanent DI and 1 temporary DI. In the other 14 cases, the bright spots still resided in the posterior lobes. Of the 2 negative cases on preoperative imaging, neither developed DI, and in 1 of them (case 16) the bright spot was revealed after tumor removal ( Fig. 3C and  D) . From these data, 75% of cases that lost the bright spot after surgery were associated with DI, whereas only 1 of 16 cases with identifiable bright spot on postoperative MRI developed transient DI.
No suprasellar approach with potential for injury to the superior hypophyseal artery (SHA) was performed in this series. There were no vascular complications (ICA injury) in this series. Postoperative radiotherapy was completed in 10 of 20 patients, including Gamma Knife and proton beam therapy, and none of them had developed new pituitary dysfunction at last follow-up.
Discussion
The pituitary stalk and gland receive blood supply from 2 arterial systems: the SHAs, which irrigate mainly the stalk and anterior lobe or adenohypophysis, and the IHAs, which supply mainly the posterior lobe or neurohypophysis. 7, 10, 12 Bilateral compromise of the IHA alone could result in some degree of neurohypophysis dysfunction or DI, but adenohypophysis dysfunction is not theoretically expected. The incidence of transient DI in this series of bilateral sacrifice of the IHAs is 20%, the incidence of permanent DI is just 10%, and the incidence of panhypopituitarism is 5%. Based on these results, we can affirm that after bilateral sacrifice of the IHA the function of the neurohypophysis will be affected in a minority of cases. In fact, we hypothesize that the cause of DI in these patients is most likely related to surgical manipulation of the posterior lobe and stalk rather than ischemia secondary to vascular supply compromise. Intraoperative disruption of the posterior lobe was reported in the case with permanent DI (case 9), which may be the cause for her hormone deficiency. The case with panhypopituitarism and DI might be explained by a cause other than pure loss of blood supply from IHA occlusion. Gland injury due to manipulation during transposition was possibly the cause because the tumor extended very superiorly and anteriorly. Statistical analysis did not definitely confirm this hypothesis, but this could be secondary to the small sample size of this series.
Information on the clinical outcome of IHA occlusion is scant in the literature. Our search found only one report of transient DI after embolization of the meningohypophyseal trunk for treatment of a dural carotid-cavernous fistula. 8 The occlusion of the IHA has been mentioned as a possible cause of Sheehan's syndrome in postpartum women. 5 However, this statement is not supported by the current understanding of Sheehan's syndrome 6 and the anatomy of the pituitary gland's blood supply.
The preservation of posterior pituitary bright spot in 79% of cases after bilateral coagulation of IHA is strong evidence that the neurohypophysis function was preserved and still resided in the posterior lobe of the pituitary gland after the posterior clinoidectomy.
The explanation for the exceptional tolerance of the neurohypophysis function to compromise of blood supply may lie in the anatomy of the hypophyseal arteries. McConnell proposed the existence of anastomosis between interlobar arteries from the IHA and the long stalk arteries from the SHA. 7 This concept was later confirmed by Xuereb et al.
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and Stanfield. 10 In brief, the basic pattern described is that the IHAs, after reaching the lateral aspect of the pituitary gland at approximately the interlobar groove, give rise to 2 branches, namely ascending and descending, or anterior and posterior. The 2 branches anastomose with their counterparts to create an anastomotic arterial circle in the interlobar connective tissue between the anterior and posterior lobes. From this arterial circle, smaller branches arise to supply mainly the posterior lobe and some part of the anterior lobe near the interlobar septa. From the SHA, the loral artery, or artery of the trabecular, and the long stalk arteries run down along the stalk and anastomose with each other and with their counterparts to form a "transverse anastomosis," which then connects with the arterial circle from the IHA through several communicating arteries and interlobar arteries (Fig. 4) . The anastomosis may vary from the basic pattern in terms of number and size.
The richly interarterial anastomoses provide an explanation for the low incidence of posterior pituitary dysfunction in our series. After the occlusion of both IHAs, the posterior gland may receive blood supply from the SHA through the loral arteries and/or long stalk arteries through their anastomoses. Consequently, caution should be taken to protect and preserve the SHAs if suprasellar dissection is needed after bilateral IHA coagulation. This is particularly relevant when dealing with large retroclival lesions that have extension into the suprasellar space.
Although it is possible to occasionally dissect and preserve the IHA during the posterior clinoidectomy procedure, our results support its early sacrifice because there are minimal clinical consequences, and it eliminates the risk of ICA avulsion from accidental pulling of the IHA when performing the posterior clinoidectomy.
Conclusions
The endoscopic endonasal transcavernous approach with bilateral posterior clinoidectomy, bilateral sacrifice of the IHAs, and pituitary transposition does not cause pituitary dysfunction in the vast majority of patients. This finding confirms clinically the current understanding of pituitary vasculature, highlighting the crucial role and characteristic features of the interarterial anastomosis of pituitary vasculature.
